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INTRODUCTION

At the present time, the only chemical used commercially as a

topical insect repellent is N,N-diethyl-m-toluamide (DEET). The

current US Army insect repellent (EDTIAR) contains DEET as its

active ingredient. DEET has a limited spectrum of activity and a

noticeable odor that is unpleasant to many. DEET is a powerful

plasticizer and will dissolve or mar many plastics and painted

surfaces. DEET will plasticize the polymers that are typically

used in topical formulations to extend its duration, leading to

formulations with low user acceptability.

There is ample evidence that human skin emanates both attractant

and repellent compounds for mosquitoes. No single compound is

likely responsible for mosquito attraction; the same can be said

for mosquito repulsion. The interaction of these compounds is

probably of importance in the overall response of the mosquito.

Studies of human skin emanations associated with mosquito

attraction/repulsion have been reviewed (Appendix A).

Skin emanations have been poorly characterized'. While a few

studies have chemically characterized skin surface extracts, it is

important to characterize what the skin is actually emanating; that

is, what chemicals the mosquito actually senses during its host

seeking behavior, rather than residues on the skin. Some studies

have utilized a solvent evaporation step in the process of

characterizing skin residues2 ; important volatile components could
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have been lost in the process. Finally, gas chromatographic-mass

spectrometric techniques have been greatly advanced since the

earlier studies were conducted, both in terms of sensitivity and

software for analysis of mixtures.

To begin this project, we identified subjects who were consistently

very attractive or unattractive to mosquitoes. Additionally, we

developed an in vitro model to study host attraction and conducted

pilot studies to evaluate methods for emanation collection and

analysis. Phase II investigations with modern analytical

techniques will unravel the chemical identity of both host

attractants and repellents. Armed with this knowledge, a new

repellent can be designed which amplifies natural host repellents

and masks host attractants.

MATERIALS AND METHODS

Olfactometer: A Fiensod and Spielman olfactometer, as modified by

Bowen and Davis, measured the host-oriented flight response of

female mosquitoes to volatile host emanations3 . The olfactometer

(approximately 38 cm high) consisted of an upper and lower screened

chamber with a closure between the chambers (Figure 1) . A fan

placed above the upper chamber drew air through the apparatus at

approximately 0.2 m/s. A temperature and humidity controlled

chamber (5' wide by 6'long by 8'high) was constructed to house the

test subject and the olfactometer.
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Rearing of mosquitoes: A second environmental chamber, maintained

at 27 0 C and 80% humidity, was dedicated to the rearing of Aedes

aegypti mosquitoes. Routine shipments of eggs (American Biological

Supply, Gainesville, FL) were used to maintain a continuous supply

of adult 5-10 day old mosquitoes.

Assays for attraction of mosquitoes to human subjects: A group of

30 volunteers, consisting of 14 females and 16 males and ranging in

age from 24 to 68 years, was selected from the surrounding civilian

population. Individuals were tested for their ability to attract

Aedes aegypti mosquitoes contained in the olfactometer. Tests were

conducted at a temperature of 27 0 C and 50% relative humidity. For

each trial 15 avid adult female Aedes aegypti mosquitoes (5-10 days

post-emergence) were placed in the upper chamber. A trial began

when the closure between the upper and lower chamber was opened in

the absence of a human host. The number of mosquitoes entering the

lower chamber within a 3 minute period was recorded. The volunteer

then placed his or her arm beneath the lower chamber and the number

of mosquitoes flying from the upper chamber to the lower chamber

was recorded for the time intervals 0-1, 1-3, 3-5 and 5-7 minutes.

This trial was repeated twice during a test session to obtain three

replicates. Two additional test sessions, at time intervals of at

least 1 week, were conducted to obtain at least 8-9 replicates for

each of 24 subjects. Of the remaining 6 subjects, 3 were tested on

two separate occasions for a total of 6 replicates per subject; 3

were tested on one occasion for a total of 3 replicates per

7



subject. A total of 254 tests were conducted.

Calculation of olfactometer scores: Olfactometer scores were

calculated for each trial by dividing the number of mosquitoes

entering the lower chamber of the olfactometer during the 0-1, 1-3,

3-5 and 5-7 minute intervals by the number of mosquitoes remaining

in the upper chamber of the olfactometer at the end of the 3 minute

control period. The fractions so obtained was plotted versus time.

An equation was fitted to the data and the area under the curve

(olfactometer score) was calculated. An area of 0 (0 mosquitoes

entering the lower chamber x 7 minutes) would indicate the subject

was completely unattractive to mosquitoes. An area of 7 would

indicate maximum attraction.

Collection and desorption of skin emanations: A glass "arm tube",

4 inches in diameter and 20 inches in length, was wrapped with

heating tape to maintain a temperature of approximately 37°C

(rheostat setting of 20 volts). One end of the tube allowed the

insertion of a forearm, while the terminal 4 inches of the other

end tapered to a tube with an inside diameter of 0.25 inch. The

tube was attached to one end of a vapor trap, constructed from a

glass tube, 1/2 inch in inside diameter and 6 inches in length.

The vapor trap was packed with approximately 5 grams of adsorbent

powder (Tenax GC, 60/80 mesh, Alltech Associates, Deerfield, IL),

which was held in place with silanized glass wool (Supelco,

Bellefonte, PA). The other end of the vapor trap was attached to
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an air flow gauge, which was connected to a small rotary vane

vacuum pump. Air flow through the apparatus was 1 liter per

minute. Prior to use, the arm tube was rinsed with ethanol,

drained and allowed to dry for two hours with the help of the

heating tape. Prior to emanation collection, the vapor trap was

connected to a supply of nitrogen gas (99.9999% minimum purity,

Matheson Gas Products, Newark, CA) at a flow rate of 40 ml/min.

The vapor trap was positioned so that its outlet was approximately

2 inches below the lower chamber of the olfactometer. The vapor

trap was wrapped in heating tape (140 watt) and was thermally

desorbed into the olfactometer by connection of the heating tape to

a rheostat set at 25 volts. The desorption period was 7 minutes

following a 3 minute control period at ambient temperature. After

cooling, the vapor trap was reconnected to the arm tube and the

forearm of subject 02 was positioned inside the tube. Ambient air

was allowed to enter the arm tube from a side port near the arm

entrance opening of the arm tube. Emanations were collected for a

period of 20 minutes. The vapor trap was disconnected from the arm

tube, reconnected to the nitrogen gas, and thermally desorbed into

the olfactometer.

Gas chromatography/mass spectrometry of skin emanations: The arm

tube was prepared as described in the preceding section "Collection

and desorption of skin emanations". The tapered end of the arm

tube was fitted with a 1/4 inch Swagelok nut for connection to a

Summa canister. The side port near the open end of the arm tube
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was connected to the source of nitrogen and the arm tube was heated

and purged with nitrogen gas for 1.5 hours. A Summa canister was

prepared by repeated filling with helium and evacuating with a

pump. The Summa canister was connected to the arm tube and the

forearm of subject 02 was positioned inside the tube so that the

upper forearm sealed the open end of the arm tube. Nitrogen gas

flowed into the arm tube at 500 ml/min and was captured by opening

the valve on the evacuated Summa canister. The collection period

was 5. minutes. After sample collection, the canister was

transported to the Varian Associates application laboratory in

Walnut Creek, CA. The canister was connected to a Varian Saturn 3

GC/MS and a 250 ml portion of the sample was drawn into the gas

chromatograph through a mass flow valve. The sample was

preconcentrated on liquid nitrogen-cooled glass beads at the head

of the capillary column. Rapid heating (approximately 40°C/sec) of

the cryogenic trap provided fast injection of the condensed

emanations into the capillary column. Only 1/10 of the condensed

sample entered the capillary column; the remainder was vented to

the atmosphere. Components were separated on a 60 m, 0.32 mm

inside diameter DD-1 capillary column with a 1 um film thickness.

The mass spectrometer provided full scan library-searchable

classical EI spectra of compounds. A protocol similar to EPA TO-

144 for monitoring air quality was used.

Attractancy of excised pig skin: Split thickness pig skin,

prepared from full thickness skin with a dermatome, was used at a
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thickness of 0.5-1.0 mm. It was mounted on a diffusion cell (Figure

2) so that an approximately 5.0 cm diameter circle of skin was

exposed to the atmosphere. The visceral side of the skin was

bathed in RPMI tissue culture media. Water at 37°C circulated

through the jacket of the diffusion cell to maintain the skin

surface at approximately 32°C'. Fifteen female Aedes aegypti (5-

10 days old and sugar deprived for 24 hours) were placed in the

upper chamber of the olfactometer. After a 3 minute control

period to determine the number of mosquitoes entering the lower

chamber due to random flight, the excised pig skin/diffusion cell

assembly was positioned approximately 1 inch below the lower

chamber of the olfactometer. The number of mosquitoes entering the

lower chamber during the time intervals of 0-1, 1-3, 3-5 and 5-7

minutes post exposure of skin to mosquitoes was recorded. This

procedure was repeated twice to obtain three replicates.

Olfactometer scores were calculated as described in the procedures

for human subjects.

RESULTS AND DISCUSSION

Preliminary studies with the olfactometer: When subject 02 entered

the environmental chamber, sat next to the olfactometer, but did

not have the forearm under the olfactometer, olfactometer response

scores were minimal (0.94) compared to the corresponding scores

obtained with the forearm in position (4.37). The olfactometer

response score for subject 02 was not diminished by excluding
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exhaled breath from the environmental chamber. By washing the

forearm area a few minutes before placing the test area under the

olfactometer, mosquito response to subject 02 was similar to that

obtained with the forearm absent. These results indicated that the

mosquitoes are responding primarily to emanations from the forearm

test area and not from extraneous sources.

Screening of 30 subjects for attractancy: We have identified human

subjects from a group of 30 males and females whose forearms were

consistently least attractive to Aedes aegypti mosquitoes contained

in an olfactometer (Table 1). We also identified subjects who were

consistently most attractive to mosquitoes (Table 1). All of the

4 least attractive subjects were female and 10 of the 12 least

attractive subjects were female. All of the 5 most attractive

subjects were male and 10 of the 12 most attractive subjects were

male. Females in general were significantly less attractive to

the mosquitoes than the males (ANOVA, F = 49.33, P = 0.0000) . The

histograms of olfactometer response for all trials with female

subjects is given in Figure 3. The corresponding data for male is

given in Figure 4. Olfactometer response did not significantly

correlate ( P > 0.05) with age of male or female subjects (Figures

5 and 6).

Collection and desorption of skin emanations: Volatile emanations

from the forearm of subject 02 were captured on Tenax adsorbent and

thermally desorbed into the olfactometer over a seven minute
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period. Between 1 and 3 minutes following the start of desorption,

mosquitoes were attracted to the tip of the Tenax trap (Table 2).

During the remainder of the desorption period, mosquitoes which

entered the lower chamber of the olfactometer (proximal to the

desorbing trap) ceased probing towards the tenax trap and began

random flight; mosquitoes in the upper chamber of the olfactometer

(distal to the desorbing trap) ceased their search for the entry

door to the lower chamber and settled on the walls of the distal

chamber. Desorption of a blank tenax trap to the same mosquitoes

resulted in no observable behavioral response of any kind (Table

2) . These results suggest that an attractant chemical or chemicals

derived from the forearm were desorbed during the 1-3 minute

period. A natural repellent or masker of attraction could have

been desorbed during the remainder of the desorption period,

although this experiment does not provide unambiguous proof of such

an occurrence.

Gas chromatography/mass spectrometry of skin emanations: In a pilot

experiment, we collected volatile emanations from the forearm of a

male volunteer by passing a stream of high purity nitrogen over the

arm and collecting the nitrogen in a 6 liter Summa canister, a

fused silica lined container used for field collection of air

samples. This sample was transported to the Varian Associates

application laboratory (Walnut Creek, CA) for GC/MS analysis on a

bench top instrument (Varian Saturn 3). A 25 ml portion of the

sample was introduced into the 60 meter DB-1 capillary column of

13



the GC. The chromatogram is given in Figure 7. Total ion current

(peak intensity) on the Y axis is plotted vs time and scan number

on the X axis . The broad peak starting shortly after scan number

400 is due to water and the spikes between 400 and 800 are mostly

hydrocarbons which probably accumulated on the subject's skin

during commute to the laboratory. The remaining chromatogram

demonstrated that the GC conditions could resolve the sample into

distinct peaks and that the instrument (ion-trap GC/MS) had

adequate sensitivity, using only 25 ml of the 6000 ml sample from

a 5 minute collection. Full scale Y axis in Figure 7 is

approximately 10 parts per billion. For demonstration purposes,

the mass spectrum of one of the more intense peaks, scan number

1698, is given in the upper graph of Figure 8, along with the mass

spectra of possible structures (menthol or menthyl acetate) from

the NIST library. Structural assignment would have to be verified

with injection of an authentic standard into this instrument. The

MS/MS and CI (collision induced ionization) capabilities of this

instrument can also aid in structural elucidation. In summary, the

pilot experiment demonstrated the feasibility of this analytical

approach.

AttractancV of excised pig skin: For many years, we have used pig

skin as a model for human skin in permeability studies. It has

many similarities to human skin, both anatomical and biochemical 6 ,

and pig skin lipids are very similar to those of humans. When

excised pig skin was first presented to Aedes aegypti mosquitoes in
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the olfactometer, the skin samples were as attractive to the

mosquitoes as the average male subject. In fact, a few fugitive

mosquitoes attempted to obtain blood meals from the preparation!

This was observed for both fresh and frozen skin mounted on

diffusion cells containing tissue culture media at 370 C. Under

these conditions we have previously shown that freshly excised pig

skin maintains its viability for 48 hours, based on the ability of

the skin to graft to athymic nude mice at the same success rate as

freshly excised pig skin. Biochemical measurements (excretion of

lactic acid and RNA metabolites into the tissue culture media) have

recently shown that the skin preparation continues to carry out

normal biochemical functions over at least a 24 hour period on the

diffusion cell 7 . However, the pig skin preparation almost

completely lost its attraction to Aedes aegypti over a two hour

period on the diffusion cell (Table 3), while the forearm of a

volunteer remained attractive. These results suggest the

evaporative loss of an attractant that can't be resupplied by the

skin preparation; alternatively, the preparation may be emanating

a repellent or masker of attraction that is initiated by removal

from the donor. In either case, this preparation can serve two

useful functions. First, fresh preparations can be used as a

model for attraction of mosquitoes to the human forearm. We can

therefore employ it to bioassay human forearm emanations for

attractant or repellent activity. Second, a differential

chemical analysis of emanations during the interval between maximum

and zero attraction can help identify compounds that may be similar
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to human attractants or repellents.

CONCLUSIONS

Among a group of 30 volunteers, certain individuals were found to

be consistently least attractive or most attractive to mosquitoes,

with males being more attractive than females. It is our

hypothesis that this differential attractiveness is due to

differences in skin emanations. Chemical and biological

characterization of skin emanations from these extreme subjects

will test this hypothesis. By knowing the characteristics of

natural attractants and/or repellents, we will be able to develop

improved protection for both soldiers and civilians.
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Table I. Olfactometer response to Aedes aegypti mosquitoes.

Subject No. Olfactometer Responsea No. of Replicates

30 (Female)b 1.73 + 0.67 3c

24 (Female)b 2.13 + 1.13 9

15 (Female)b 2.65 + 0.53 8

29 (Female)b 2.79 + 1.44 9

18 (Female) 3.01 + 1.19 9

26 (Male) 3.06 + 0.97 9

16 (Female) 3.26 + 1.10 9

1 (Female) 3.34 + 1.35 18

3 (Male) 3.47 + 1.52 10

27 (Female) 3.56 + 1.39 9

11 (Female) 3.60 + 1.19 9

28 (Female) 3.65 + 0.53 6

25 (Male) 3.67 + 1.49 6

23 (Male) 3.82 + 1.05 9

12 (Female) 4.08 + 1.18 9

10 (Female) 4.22 + 1.63 3

22 (Male) 4.25 + 0.92 9

17 (Male) 4.33 + 0.94 9

6 (Female) 4.39 + 1.51 9

13 (Male) 4.44 + 1.36 9

5 (Male) 4.45 + 0.62 9

20 (Male) 4.74 + 0.68 9

4 (Female) 4.92 + 0.88 9

19 (Male) 4.93 + 0.99 3

21 (Male) 5.03 + 0.84 6

14 (Male)b 5.06 + 1.11 9

7 (Male)b 5.20 + 1.11 9

9 (Male)b 5.21 + 0.85 9

2 (Male)b 5.31 + 0.73 11

8 (Male)b 5.32 + 0.76 9
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aOlfactometer response (mean ± S.D.) was calculated as the area
under the curve of fractional mosquito response versus time
profile. A hypothetical test subject completely unattractive to
mosquitoes would have a score of zero. A maximally attractive
subject would have a score of almost seven.

bOlfactometer response scores were analyzed by ANOVA and the
Student-Newman-Keuls Multiple Range Test, which identified subjects
Nos. 15, 24, 29, and 30 as least attractive to mosquitoes and
subjects Nos. 2, 7, 8, 9, and 14 as most attractive to mosquitoes.
Each of the four least attractive female subjects were
significantly different from all of the five most attractive male
subjects (Tukey's test, P < 0.05).

cSubject 30 was retested on a separate occasion with even lower
olfactometer scores; however, the mosquitoes were exposed to low
temperatures from an equipment malfunction and the results are not
included.
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Table II. Cumulative response of Aedes aegypti mosquitoes to

thermal desorption of skin emanations into an olfactometer.

Condition T= 0 min T= 1 min T= 3 min T= 5 min T= 7 min

Percent Percent Percent Percent Percent
Response Response Response Response Response

Blank Trap 0% 0% 0% 0% 0%
Desorption

Forearm 0% 8% 23% 31% 31%
Emanation
Desorption
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Table III. Olfactometer response of Aedes aeqypti to excised pig
skin as a function of time after placing skin on a diffusion cell

Trial Time After Olfactometer

Preparation Score

1 T = 0 h 3.40

2 T = 1 h 1.95

3 T = 2 h 0.23
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Figure Legends

Figure 1. Modified Feinsod-Spielman olfactometer

Figure 2. Skin penetration cell for excised pig skin preparation

Figure 3. Histogram of olfactometer scores (attractancy) of female

test subjects. A higher number designates greater attractancy.

Figure 4. Histogram of olfactometer scores (attractancy) of male

test subjects. A higher number designates greater attractancy.

Figure 5. Plot of female test subject olfactometer score

(attractancy) vs age.

Figure 6. Plot of male test subject olfactometer score

(attractancy) vs age.

Figure 7. Total ion chromatogram of forearm emanations from

subject 02.

Figure 8. Mass spectrum of peak at scan number 1698 (upper

spectrum) and possible matches from the NIST library (lower 3

spectra). See Figure 7 for corresponding chromatogram.
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Figure 2. Skin penetration cell for excised pig skin preparation.
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APPENDIX A. SURVEY OF LITERATURE

HUMAN SKIN ATTRACTANTS AND REPELLENTS FOR MOSQUITOES

Natural Attractants/Repellents of Human Skin to Mosquitoes

Brown8 lists a number of factors involved in the attraction of

mosquito to man (in order of importance): moisture, convective

heat, carbon dioxide, movement, contour or increase in black-white

interfaces, and reflectivity. The influence of carbon dioxide as

a mosquito "activator" has long been recognized9 . However,

Acree'0 and coworkers have shown that carbon dioxide does not

attract mosquitoes in purified air alone. Thiel and Laarman found

that air swept over the arm was attractive even though carbon

dioxide and moisture had been removed; they concluded the presence

of other attractants or odors was responsible for the attraction".

Snow"2 studied mosquito attraction to normal subjects and to

subjects wearing a breathing apparatus to remove most of the

exhaled carbon dioxide. Fewer mosquitoes were attracted to the

subjects with reduced carbon dioxide output. However, when the

mosquitoes were in close range of the host, the experimental

treatment had no effect on the proportion of mosquitoes attempting

to feed. Snow concludes from this study that carbon dioxide,

originating from the lung, may be more important as a long range

attractant. Reports by Rahm' and Brouwer"4 showed that carbon

dioxide output from the skin was insignificant in stimulating

mosquitoes. In contrast to these findings, Khan et all' concluded

that heat and carbon dioxide are important for the approach of
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mosquitoes to the host at close proximity, and that odor was more

important at greater distance. Carlson et al 16 measured the amount

of carbon dioxide given off by the hand at 1.0-1.8 ml/h under

laboratory conditions. The authors concluded that this amount of

carbon dioxide is negligible compared to ambient levels and was

unlikely to be attractive to mosquitoes by itself.

In 1958, Brouwer17 reported consistent differences in attraction

of Anopheles stephensi to humans that were independent of moisture,

warmth and carbon dioxide. He concluded that the differences were

due to sweat or body odor. Schreck"8 reported that a polyethylene

glove, worn for 1 hour, remained attractant to mosquitoes over a 3

hour period after removal from the hand. Thompson and Brown"9

demonstrated the attractiveness of sweat was decreased by the

release of volatile acids.

Gilbert2" et al. studied 50 men and 50 women to determine their

attractiveness to Aedes aegypti mosquitoes. The 50 women subjects

were, on average, less attractive than the 50 men. However, there

was considerable overlap in the ranges of attraction, and many of

the women were more attractive than some of the men. However, only

two of the most attractive 10 subjects were women, and all of the

least attractive 10 were women. A possible relationship between

attraction and differences in skin lipid composition was not

investigated. Roessler 2" hypothesized that changes in the

attractiveness of females with the menstrual cycle were caused by
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changes in estrogen evaporation from the skin.

In a 1968 report, Acree et al.' found a correlation between the

attractiveness of individuals to mosquitoes and the quantity of

lactic acid present in acetone washings of hands. Attractive

material was first obtained by condensation of a nitrogen stream

above the skin. However, the amount of material obtained was too

small for analytical methods available at that time. These workers

noted that the attractancy of lactic acid was not evident without

the presence of carbon dioxide.

Price22 et al studied the attraction of mosquitoes to human

emanations in a dual port olfactometer. Mosquitoes (female

Anopheles quadrimaculatus SAY) were preferentially attracted to the

"emanation" air, even though excess carbon dioxide or water had

been added to control air without emanations.

In 1961, Brown and Carmichael 2" reported that lysine free base was

a mosquito attractant. Lysine was known to be present in human

sweat 24 . Although other amino acids had mosquito attractant

properties, they were considerably less attractant than lysine.

The attractiveness of lysine was later found to be proportional to

the presence of carbon dioxide2"

Strauss et al. 26 , surveyed hospitalized patients with various

diseases and taking various medications for their attractiveness to
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mosquitoes by a mosquito probing technique. No drug, vitamin, or

disease was associated with unattractiveness, with the possible

exception of untreated myxedema.

In addition to the compounds mentioned above, USDA investigators

have studied 1-octen-3-ol as a mosquito attractant 27 . Israeli

investigators found that although sheep were attractive to Culex

pipiens L. and Aedes caspius (Pallas), few Culex pipiens and no

Aedes caspius engorged. The investigators suggested that sheep may

possess, in addition to the mechanical protection afforded by wool,

a close-acting repellent that deters the mosquitoes from biting.

The repellent was not identified.

Maibach and coworkers 28 report the observation that the attractancy

of human sweat increased significantly when lipids were removed.

Schreck and coworkers 29 isolated a material from glass beads

previously handled by humans. This residue was found to be

attractant to female Aedes aegypti and Anopheles quadrimaculatus

Say mosquitoes. This residue was characterized as volatile, and

stable on refrigerated storage for up to 60 days. The residue was

not purified or chemically analyzed. Skinner et al 3" obtained

human skin-surface lipids from ether washings of elbows from a

number of volunteers. This mixture was found to be repellent to

Aedes aegypti mosquitoes. Vacuum distillation, gas chromatography

and thin layer chromatography were used to isolate components from

the mixture. The hydrocarbon fraction of the lipids contained only
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weakly repellent unsaturated hydrocarbons, with the major repellent

activity present in the more polar fractions. The unsaturated

fatty acids were found to be more repellent than saturated fatty

acids. In a later report (1977), Skinner et a131 analyzed acetone

extracted lipids from skin using gas chromatography-mass

spectroscopy. Multiple regression analysis was used to relate

attractancy and repellent protection time to the amounts of

saturated and unsaturated fatty acids. Dry protection time or

duration of protection of the insect repellent N,N-diethyl-3-

benzamide (DEET) correlated positively with saturated fatty acids

C-l1, C-13, C-15 and C-18 and unsaturated fatty acids C-14, C-15,

C-16 and C-17; dry protection time correlated negatively with

saturated C-7, C-12 and C-16 fatty acids. The fatty acids may

affect the protection time of DEET by a physical mechanism; that

is, they may alter the evaporation and penetration of DEET through

their film forming activity. Indeed, repellent protection time of

DEET correlated positively with the total weight of lipid found on

the skin. Attractancy, as measured by the average number of Aedes

aegypti mosquitoes probing the test site of the volunteer in one

minute, was found to correlate positively with C-15 unsaturated

fatty acid and C-14 saturated fatty acid; attractancy was found to

correlate negatively with the more volatile C-Il saturated fatty

acid. The authors indicated that the precise identification of

fatty acid components affecting attractiveness would require

further study.
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Studies of human skin emanations associated with mosquito

attraction/repulsion have recently been reviewed32 .

In summary, there is ample evidence that human skin emanates both

attractant and repellent compounds for mosquitoes. No single

compound is likely responsible for mosquito attraction; the same

can be said for mosquito repulsion. The interaction of these

compounds is probably of importance in the overall response of the

mosquito.

Skin emanations have been poorly characterized33 . While a few

studies have chemically characterized skin surface extracts, it is

important to characterize what the skin is actually emanating; that

is, what chemicals the mosquito actually senses during its host

seeking behavior, rather than residues on the skin. Some studies

have utilized a solvent evaporation step in the process of

characterizing skin residues; important volatile components could

have been lost in the process. Finally, gas chromatographic-mass

spectrometric techniques have been greatly advanced since the

earlier studies were conducted, both in terms of sensitivity and

software for analysis of mixtures.
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